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(si) Surface-mount power magnetic device and method of making the same. 

@ A magnetic device (10), suitable for attachment to a substrate, includes at least one sheet winding (24) 
having a pair of spaced-apart terminations (26), each receiving an upwardly rising portion (28) of a lead 
(12). The sheet winding terminations and upwardly-rising lead portions, together with at least a portion of 
the sheet windings, are then encapsulated with masses of insulative material (18, 19 and 34). A 
ferromagnetic core (20,22) surrounds at least a portion of the sheet windings to impart a desired 
magnetic property to the device. 
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Technical Field 

This invention relates generally to a magnetic de- 
vice, such as an inductor or a transformer, especially 
suited for mounting on a surface of a substrate, and 
to a method of making such a magnetic device. 

Background of the Invention 

Power magnetic devices, such as inductors and 
transformers, are employed in many different types 
of electrical circuits, such as power supply circuits for 
example. In practice, most power magnetic devices 
are fabricated of one or more windings, formed by an 
electrical member, such as a wire of a circular or rec- 
tangular cross section, or a planar conductor, which 
is wound or mounted to a bobbin of insulative materi- 
al, e.g., plastic or the like. In some instances, the 
electrical member is soldered to terminations on the 
bobbin. Alternatively, the electrical member may be 
threaded through the bobbin for connection directly 
to a metallized area on a circuit board. Aferromagnet- 
ic core is typically affixed about the bobbin to impart 
a greater reactance to the power magnetic device. 

As with other types of electronic components, 
there is a trend in the design of power magnetic de- 
vices towards achieving increased density and higher 
power. To achieve higher power, the resistance of the 
power magnetic device must be reduced, typically, by 
increasing the cross-sectional area of the electrical 
member forming the device winding(s). To increase 
the density of the power magnetic device, the bobbin 
is usually made very thin in the region constituting 
the core of the device to optimize the electrical mem- 
ber resistance. Conversely, the remainder of the bob- 
bin is usually made thick to facilitate attachment of 
the electrical member to the bobbin terminals and/or 
to facilitate attachment of terminals on the bobbin to 
a circuit board. As a result of the need to make such 
a bobbin thin in some regions and thick in others, the 
bobbin is often subject to stresses at transition points 
between such thick and thin regions. 

Another problem associated with present-day 
power magnetic devices is the lack of planarity of the 
device terminations. Because of the need to optimize 
the winding thickness of the power magnetic device 
in order to provide the requisite number of turns while 
minimizing the winding resistance, the thickness of 
the electrical member forming each separate winding 
of the device is often varied. The variation in the wind- 
ing thickness often results in a lack of planarity of the 
device terminations, which is especially critical when 
the device is to be mounted onto a surface of a sub- 
strate such as a printed circuit board. 

Thus, there is need for a power magnetic device 
which substantially overcomes the deficiency of past 
devices. 



Summary of the Invention 

Briefly^ in accordance with a preferred embodi- 
ment, there* is provided a power magnetic device as 
5 recited in claim 1. 

Brief Description of the Drawing 

FIGURE 1 is a perspective view of a power mag- 
10 netic device in accordance with a preferred em- 

bodiment of the invention; 
FIGURE 2 is a cross-sectional view of the device 
of FIG. 1; 

FIGURE 3 is a perspective view of an assembly 
15 comprised of a lead frame stock on which sheet 

windings are layered to fabricate the device of 
FIG. 1; and 

FIGURE 4 is a perspective view of the assembly 
of FIG. 3 after encapsulation, showing how a core 
20 assembly is attached thereto to fabricate the 

power magnetic device of FIG. 1 . 

Detailed Description 

25 FIGURE 1 shows a power magnetic device 1 0 in 

accordance with the invention. The device 10 has a 
plurality of leads 12 which, in the illustrated embodi- 
ment of FIG. 1 , are arranged in two opposed banks 
14 and 16. While the illustrated embodiment is de- 

30 picted as having four and six leads in the banks 14 
and 16, respectively, a greater or lesser number of 
leads is possible. Each of the leads 12 in each of the 
banks 14 and 16 extends out from a separate one of 
a pair of insulative bodies 18 and 19 spaced apart by 

35 a gap g. The gap g between the bodies 18 and 19 is 
enclosed by a pair of core halves 20 and 22 lying in 
opposed, face-to-face relationship. Each of the core 
halves 20 and 22 is fabricated from a ferromagnetic 
material. 

40 Referring now to FIG. 2, at the heart of the power 

magnetic device 10 is at least one, and preferably a 
plurality of sheet windings 24. The details of each 
sheet winding are best seen in FIG. 3. Referring to 
FIG. 3, each sheet winding 24 is comprised of a gen- 

45 erally circular conductive element 25 having a pair of 
radially, outwardly extending, spaced-apart termina- 
tions 26, each having an aperture 27 therethrough. 
Preferably, the conductive member 25 may be 
formed of a unitary structure which is punched or 

so etched from a metallic strip of copper or the like and 
coated with a dielectric. Alternatively, the conductive 
member 25 of each sheet winding 24 may be formed 
of a flat, wound-wire coil. 

In practice, the power magnetic device 10 isfab- 

55 heated in the following manner. Referring to FIG. 3, a 
lead frame stock 30 is first fabricated from a strip of 
metal, such as copper or the like. The lead frame 
stock 30 is either punched or etched, and then is ma- 
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nipulated to create the opposed banks 14 and 16 of 
leads 12 such that each lead is provided with the up- 
wardly rising portion 28. In the process of fabricating 
the lead frame stock 30, the leads 12 of each of the 
banks 14 and 16 are made integral to each other by 
way of a set of internal webs or dams 32, and by a 
flashing 33 about the periphery of the leads. 

After fabrication of the lead frame stock 30, then 
at least one, and preferably a plurality of the sheet 
windings 24 are stacked one above the other such 
that the aperture 27 in each sheet winding termina- 
tion 26 receives the upwardly rising portion 28 of a 
separate one of the leads 12 in a particular one of the 
banks 14 and 16. As may now be appreciated, the 
sheet windings 24 can be of the same or different 
thicknesses, provided that the combined thickness of 
all the sheet windings is less than the height of the up- 
wardly rising portion 28 of each lead 12. Thus, the 
sheet windings 24 can vary in thickness without ad- 
versely affecting the planarity of the leads 12. 

Once the sheet windings 24 are stacked one 
above the other, as seen in FIG. 3, the sheet winding 
terminations 26 are soldered or otherwise mechani- 
cally bonded to the corresponding, upwardly rising 
lead portions 28, using a mass reflow bonding tech- 
n ique as is well known in the art. The lead frame stock 
30 of FIG. 2 is then placed in a mold (not shown) con- 
sisting of upper and lower mold halves. The sheet 
winding terminations 26 and the upwardly rising por- 
tion 28 of the leads 12 in each of the banks 14 and 
1 6 reside in a pair of spaced-apart mold cavities (not 
shown) in the lower mold half, separated from the up- 
per mold half by the lead frame stock 30. The lower 
mold half typically has an intermediate cavity (not 
shown) lying between the two cavities accommodat- 
ing a separate one of the lead banks 14 and 16. The 
central cavity accommodates the central portion of 
the sheet windings 24. As will become better under- 
stood hereinafter, the depth of each of the two cavi- 
ties accommodating the upwardly rising portion of 
the lead banks 14 and 16 is greater than that of the 
cavity accommodating the central portion of the 
sheet windings 24. It should be understood that the 
mold may be configured to mold a plurality of devices 
at one time. 

During the molding process, a quantity of insula- 
tive encapsulant (not shown), typically plastic or the 
like, is then admitted into each mold cavity. Typically, 
the molding process employs high pressure (in ex- 
cess of 350 psi) to force the insulative material into 
the mold cavities, thereby allowing the use of highly 
thermally filled materials which typically have a high 
viscosity and also eliminating air voids in such insu- 
lative material. The result of the molding process is 
the formation of the insulative bodies 18 and 19 of 
FIG. 2 which encapsulate the sheet winding termina- 
tions 26 and the upwardly rising lead portions 28 of 
each of the lead banks 14 and 16, respectively, and 



the formation of an insulative body 34 which encap- 
sulates the central portion of the sheet windings 24. 
The insulative body 34 serves to impart a large meas- 
ure of rigidity to the sheet windings 24. Note that the 

5 insulative body 34 is of a height much less than the 
height of the bodies 18 and 19, leaving an "open" re- 
gion above and below the encapsulated stack of 
sheet windings. 

Referring to FIG. 4, after the molding process, 

10 then, each of the core halves 20 and 22, which are 
formed from a ferromagnetic material, is glued to the 
top and bottom of the insulative body 34, as best seen 
in FIG. 4, so as to fill the "open" regions thereabove 
and therebelow, respectively. Finally, the dams 32 

15 and the peripheral flashing 33 of FIG. 3 of the lead 
frame stock 30 are trimmed from the leads 12, and 
the leads are then formed as seen in FIG. 4 to com- 
plete the magnetic device and facilitate its attach- 
ment to a surface of a substrate (not shown) such as 

20 a printed circuit board. Alternatively, the leads 12 
could be formed for insertion in corresponding aper- 
tures in a circuit board. Rather than trim all of the 
dams 32, it may be desirable to allow selected ones 
of the dams to remain in place to effectively short- 

25 circuit one or more pairs of the leads 12 to increase 
the current-carrying capability of the device 10. 

The above-described construction of the mag- 
netic device 1 0 affords a number of dist inct advantag- 
es. By molding the device 10 in the manner descri- 

30 bed, a far greater strength is afforded to the stack of 
sheet windings 24 than would be afforded by a con- 
ventional bobbin. Moreover, the fact that the device 
10 is fabricated without a bobbin allows it to have a 
reduced size without any diminution in strength. Fur- 

35 ther, by molding the device 10 in the manner descri- 
bed, more highly thermally filled materials can be 
used, allowing for better heat dissipation, and also air 
voids in such material can be eliminated. By elimin- 
ating such air voids, the dielectric property of the in- 

40 sulation about the sheet windings is maintained at a 
high level. Additionally, fabricating the power mag- 
netic device 10 from the lead frame stock 30 allows 
for greater co-planarity of the leads 12, which better 
facilitates attachment of the device 10 on the surface 

45 of a substrate. Also, the use of the lead frame 30 al- 
lows for assembly techniques, employed in the con- 
struction of integrated circuits, to be employed in fab- 
ricating the power magnetic device 10. 

The foregoing describes a bobbinless power 

50 magnetic device 10 which offers increased strength 
and greater coplanarity as compared to devices util- 
izing a bobbin. 

55 Claims 

1. A method of manufacturing a magnetic device 
(10) for attachment to a substrate, CHARACTER- 
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IZED BY the steps of; 

placing at least one generally planar sheet 
winding (24), having a pair of spaced-apart ter- 
minations (26), onto a lead frame stock (30) such 
that each termination receives an upwardly rising 5 
portion of a separate lead (12) integral with the 
lead frame stock so as to make an electrical con- 
nection with the winding termination; 

encapsulating each sheet winding termin- 
ation and the upwardly rising portion of each lead 10 
with a mass of insulative material;; 

attaching a ferromagnetic core (20,22) 
about a portion of each sheet winding 

completely separating each lead (12) from 
the lead frame stock; and 15 

forming each lead (12) for attachment to a 
substrate. 



a plurality of sheet windings (24) stacked one 
above the other, each sheet winding having a pair 
of terminations (26) offsetfrom the terminations 
of the other sheet windings. 

8. The device according to claim 7 wherein the ter- 
minations of the sheet windings and the leads are 
arranged in two opposing banks (14,16). 

9. The device according to claim 6 wherein the 
leads (12) are formed for attachment to a surface 
of a substrate. 

10. the device according to claim 6 wherein at least 
one pair of leads (12) is short-circuited together. 



2. The method according to claim 1 wherein a plur- 
ality of sheet windings (24) are placed one above 20 
the other such that each sheet winding termina- 
tion receives the upwardly rising portion of a sep- 
arate lead of the lead frame. 



3. The method according to claim 2 wherein the 25 
leads (12) of the lead frame stock (30) are ar- 
ranged in two spaced-apart banks (14,16) and 
wherein the step of encapsulating each sheet 
winding termination and upwardly rising portion 
of each lead includes the step of molding a mass 30 
of insulative material about each bank of leads. 



4. The method according to claim 1 wherein the 
step of attaching a core comprises gluing each of 

a pair of core halves (20,22) on opposite sides of 35 
a portion of each sheet winding. 

5. The method according to claim 1 further includ- 
ing the step of solder-bonding each sheet wind- 
ing termination (26) to the upwardly rising portion 40 
of a separate lead (12). 

6. A magnetic device comprising: 

a least one sheet winding (24) having a 
pair of terminations (26); 45 

at least a pair ofleads(12), each having an 
upwardly rising portion extending at ieast partial- 
ly through a separate one of the sheet winding 
terminations (26) so as to make an electrical con- 
nection therewith; 50 

at least one insulative mass encapsulating 
each sheet winding termination, the upwardly ris- 
ing portion of each corresponding lead, and at 
least a portion of each sheet winding; and 

a ferromagnetic core (20,22) surrounding 55 
at least a portion of each sheet winding. 

7. The device according to claim 6 further including 
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